β-Glucans, isolated from Pleurotus citrinopileatus mushroom, were used in the manufacture of yoghurt from reduced fat cow milk with added proteins. β-Glucans were added to the milk in the form of a paste containing 1.21% (on a dry weight basis) of β-glucans, such that the final concentrations in the yoghurt were 0.3%, 0.4% and 0.5%. Control yoghurt was also manufactured from the same milk without the addition of β-glucans. The resultant yoghurts were examined for their physicochemical and microbial characteristics, gel formation and sensory properties and compared to the control at 1, 7, 14 and 21 days of storage. Results showed that the microbial population, pH, titratable acidity, ash and syneresis were not affected by the addition of different levels of glucans. The lowest fat, total solids and protein contents were recorded in the yoghurt containing 0.5% glucan. The yoghurt containing 0.3% β-glucan had the same viscosity as the control and the yoghurt containing 0.5% β-glucan had the lowest viscosity. Yoghurt with β-glucans received slightly higher scores for flavour, appearance and texture than the control. It was concluded that the incorporation of 0.3% or 0.4% β-glucans isolated from edible mushrooms, into the yoghurt does not affect the final product, which is similar or sensorially even better than the control.
Introduction
Yoghurt is a product of the lactic acid fermentation of milk by addition of homofermentative lactic acid bacteria Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus [1] . Over recent years an increase in the consumption of yoghurt and other acid fermented dairy products has been observed because of their perceived beneficial dietary and enhanced flavour properties.
Moreover, it is known that dietary fat has been shown to be associated with an increased risk of obesity, atherosclerosis, coronary heart disease, elevated blood pressure and tissue injury diseases associated with lipid oxidation [2] . The association of fat with the above mentioned risks and the progressive awareness of consumers for their health and diet have created a high demand for low-fat foods, including yoghurt, with similar organoleptic properties to conventional full-fat products.
Functional foods, in particular the prebiotic category, play an important role in the modern dairy industry. Prebiotics are defined as non-digestible food ingredients that have a beneficial effect on the health of the host, selectively stimulating growth and/or the activity of a limited number of bacteria in the colon [3] .
β-Glucan is recognised worldwide as a functional bioactive prebiotic ingredient and its use in the fortification of foods is of great interest [4] . It has been reported to have special properties such as cholesterol reduction [5] , blood glucose regulation [6] and also potential antitumor and immunomodulating properties [7] [8] [9] . The Food and Drug Administration (FDA) has approved the claim regarding the cholesterol lowering effect of β-glucan at a level of 3 g/day [10] .
Although there has been great interest in the fortification of yoghurt to further improve its nutritional value and benefits to health, there are very limited reports of the fortification of yoghurt with β-glucan. Sahan et al. [11] investigated the use of β-glucan hydrocolloidal composite as a fat substitute in the manufacture of non-fat yoghurts. Kilic and Akpinar [12] examined the effects of different levels of oat β-glucan on full fat yoghurts manufactured with probiotic adjunct culture. Vasiljevic et al. [13] studied the effects of addition of β-glucan from different cereal sources (oat and barley) on the growth and metabolic activity of probiotic organisms in yoghurt. Brennan and Tudorica [14] determined the possible beneficial effects of barley beta-glucan, as a fat substitute on the rheological, textural and sensory quality of low-fat yoghurt. Singh et al. [15] added oat β-glucan to low-fat yoghurt without noticeably affecting the texture or other key characteristics of it.
The use of mushrooms in nutrition comes from ancient years. Pleurotus citrinopileatus is an edible mushroom classified in the family Pleurotaceae, belonging to the Basidiomycetes species. It is found in China, Europe, Japan, Korea, North America, Siberia and Turkey. β-Glucan of Pleurotus citrinopileatus has many health improving effects, such as immunity stimulation and an anticancer effect [16] . It has also been shown to decrease cholesterol levels [17] . [18] , and a branched (1→6)-β-D-glucan [19] .
To the authors' knowledge, there is no report in the literature regarding the fortification of yoghurt with β-glucans isolated from mushrooms. Therefore, the objective of the present work was to add different concentrations of β-glucan, isolated from Pleurotus citrinopileatus mushroom to reduced fat yoghurt from cow milk and to examine whether the microbiological, physicochemical, textural and sensorial characteristics are affected. This research may benefit the dairy industry by generating new products with improved health benefits to consumers.
Materials and Methods

Isolation and Measurement of β-Glucan from Pleurotus Citrinopileatus Mushroom
The method of Wang and Zhang [20] , with some modifications, was used.
Briefly, the fruiting body of Pleurotus citrinopileatus mushroom was frozen (−20˚C), cut to pieces, freeze dried (−75˚C for 24 h), lyophilized and powdered.
The powder of mushroom was defatted with ethanol by using a Soxhlet extractor for 8 h. The resultant residue was immersed in 0.9% NaCl solution at 70˚C for 24 h, centrifuged at 5700 rpm for 10 min to remove the water-soluble polysaccharide and the residue was extracted with 1 M NaOH at 40˚C for 8 h. The supernatant was neutralized by 1 M CH 3 COOH. The deposition (β-glucan) was collected and washed with distilled water several times to achieve bleaching.
β-Glucan in this stage is referred as β-glucan in the form of paste. The deposition after the several washing with distilled water was lyophilized to get a powder and β-glucan in this stage is referred as β-glucan in dry form.
Total glucans were hydrolyzed by using the enzymes exo,1,3-β-glucanase and β-glucanase; measurement of glucose molecules was followed. α-Glucans were hydrolyzed by the enzymes amyloglucosidase and α-amylase. β-Glucan was measured using the following equation: β-glucan = (total glucan + oligomers) -(α-glucan + oligomers) [21] .
Structure of β-Glucan
Structural and purity characteristics of β-glucan isolated from Pleurotus citrinopileatus mushroom, have been studied using solid state CPMAS (cross polarization magic angle spinning) NMR [22] . 13 C CPMAS NMR spectra were recorded on a Bruker AVANCE III 600 NMR spectrometer (Karlsruhe, Germany) with a narrow bore magnet and 4-mm triple resonance probe. The samples were packed into 4-mm rotors and spun at 10 kHz. Chemical shifts (ppm) scales were referenced to the up field peak of adamantane (29.5 
Preliminary Experiments
Preliminary experiments aimed at the determination of the most suitable form of β-glucan that was best incorporated in the yoghurt mass. For this reason, β-glucan either in dry form (powder), or in the form of paste, was added in the milk used for yoghurt manufacture. Prior adding to the milk, the paste was centrifuged twice at 6000 rpm, at room temperature, for 15 min (Heraus CHRIST, Varifuge K, GmbH, Ostercode, Germany) to reduce its moisture content.
The paste or the powder was first dispersed in a small quantity of reduced fat milk with added proteins, at 75˚C for 60 min; then was added to the rest of the milk. Yoghurt was produced as described in the section that follows.
Experimental Design
The experiment was conducted at the Dairy Department of the Institute of Technology of Agricultural Products. Dodoni S.A. provided the reduced fat cow milk, with added proteins, that was used for the production of yoghurt. On the day of yoghurt making, the milk was divided into four equal parts. In each part, the required quantity of the paste of β-glucans was added such that the β-glucan final concentration in the yoghurt to be 0.0% w/w (control), 0.3% w/w (G0.3), 0.4% w/w (G0.4) or 0.5% w/w (G0.5). This was repeated three times on a day after day basis. The reported results are, therefore, the averages of three trials.
Yoghurt Manufacture
Reduced fat cow milk, with added milk proteins was used for the manufacture of set type yoghurt. A mixture of two milk proteins was obtained from Arla Food
Ingredients. The first (at proportion 70%) is developed to give increased creaminess in yoghurt, while the second (at proportion 30%) is used for high viscous fermented milk products. The composition of the mixture was: protein 74% -80%, lactose 7% -12%, maximum fat 5%, maximum ash 7% and maximum moisture 6%. The mixture quantity added in the milk was calculated such that its concentration in the yoghurt to be 7%. to terminate acid development and was transferred to cold storage (2˚C -4˚C).
Physicochemical Analyses
Milk protein, lactose, total solids and nonfat milk solids concentrations were measured in milk using near infrared spectrophotometry (Foss 605B Milko-Scan, Foss Electric, Hillerød, Denmark). pH was measured directly with a pH meter (Micro pH 2002; Crison, Barcelona, Spain).
The yoghurts were analysed for pH with a pH meter (Consort C931, Belgium), fat (Gerber method) [23] , acidity (Dornic method; after mixing 10 g of yoghurt with an equal mass of distilled water) [24] , total solids [25] , ash [26] and protein content after total nitrogen determination by the Kjeldahl method [27] .
Syneresis Index
Yogurt samples (10 g) were centrifuged at 1000 × g for 10 min at 8˚C (Heraus CHRIST, Varifuge K, GmbH, Ostercode, Germany). The separated whey was decanted using a pipette and then weighed. The centrifuge tube was weighed to confirm the whey removed, too. Syneresis index was calculated as the weight of the whey separated per unit weight of yogurt.
Measurement of Viscosity
Viscosity was determined at 4˚C using a viscometer (Brookfield Engineering Laboratories Inc, Massachusetts, USA; model RVT) with No 7 spindle at a speed of 2.5 rpm. The viscosity was derived from the maximum deflection of the needle on the scale after 1 min of shearing.
Microbial Analyses
Yoghurt samples were transferred aseptically to sterile polyethylene bags, 0.1% w/v buffered peptone water (BPW; Merck, Darmstadt, Germany) was added; the mixture was homogenized in a stomacher (Laboratory Blender, Seward, London, UK) for 60s at room temperature and appropriate dilutions in 0.1% BPW were poured in or spread to duplicate agar plates.
Total viable counts (TVC) were determined on casein-peptone, soymeal-peptone (CASO) agar with 0.6% yeast extract; mesophilic and thermophilic lactic acid bacteria (LAB) on de Man, Rogosa, Sharpe (MRS) agar; thermophilic cocci on M-17 agar; total coliforms on violet red bile glucose agar, and yeasts on rose bengal chloramphenicol agar, according to the procedures reported by Bontinis et al. [28] and all microbiological counts were converted to log cfu·g −1 . used. The attribute of flavour was given dominating importance over the other two; therefore the score obtained for flavour was multiplied by two [29] . The total score, for the over-all acceptability, was obtained by adding the scores for the three attributes; therefore excellent yoghurt received a total score of 20. Water was provided for mouth washing between samples.
Sensory Evaluation
All the above analyses were performed at 1, 7, 14 and 21 days of cold storage (2 -4˚C) of yoghurts.
Statistical Analysis
One-way analysis of variance was used for the comparison of the data of each parameter of yoghurt manufactured with different concentrations of β-glucans, at each age. Moreover, a comparison of the values of each parameter of yoghurt produced with one concentration of β-glucan at different ages was made. The least significant differences were obtained using the LSD test (P < 0.05).
Statistical analysis was performed using statistical package STATGRAPHICS Plus for Windows version 5.2, Manugistics Inc., Rockville, MD, USA. 
Results and Discussion
Structure of β-Glucan
Preliminary Experiments
The paste had moisture 95.86% and ash content 0.0624%. The β-glucan content of the paste and of the dry form (powder) was 70%.
Results from the preliminary experiments have shown that β-glucan in lyophilized form (powder) was insoluble in milk (also undissolved in distilled water, results not shown); therefore the resulting yoghurt had a fair yellowish precipitate with an unpleasant flavour. On the contrary, β-glucan in the form of paste was dispersed well in the small portion of milk with no visible lumps and it was uniformly incorporated into the yoghurt mass. Therefore from the above preliminary results, it was decided to use β-glucan in the form of paste.
Physicochemical Properties of Yoghurt
The mean composition of cow milk used for the yoghurt preparation was: fat 2.48%, protein 8.15%, lactose 4.82%, total solids 16.16% and pH 6.74. Fat content of milk was lower whereas total solids and protein content were higher than those of cow milk, because reduced fat cow milk was enriched with proteins.
Therefore, the composition of milk was typical of the standardised milk composition normally used in the dairy industry, for low fat yoghurt manufacture enriched with proteins (i.e. fat 2.50%, protein 8.21%, lactose 4.74% and total solids content 16.32%).
The physicochemical characteristics of yoghurt manufactured with or without addition of β-glucans, during storage are presented in Ash content did not change significantly with storage time and with different levels of β-glucans in the yoghurts (P > 0.05). It ranged from 0.88% -1.08% in the 1st day of storage and 0.87% -1.09% at the end of 21 day-storage.
Fat, total solids and protein content did not differ significantly (P > 0.05) during storage. At each storage day, the lowest fat, total solids and protein contents were determined in the yoghurt with addition of 0.5% glucan. Yoghurt with 0.3% β-glucan did not differ in the fat, total solids and protein contents with control, while yoghurt with 0.4% glucan ranged in intermediate levels (Table 1) .
In this experiment, β-glucan was added in the form of paste, therefore increasing the level of β-glucan in the milk, the weight of paste was increased; resulting in an increase to the water content that was added in the milk. Also, from it can be seen that increasing the level of β-glucan in the yoghurts, generally the levels of fat, total solids and protein decreased during storage.
Rheological and Structural Properties of Yoghurt
Whey separation is defined as the appearance of whey (serum) on the gel surface of set-type yoghurts and is considered as an important defect of it. Syneresis is the shrinkage of the gel, which can lead to whey separation [32] . The increasing levels of β-glucan in the yoghurts did not affect significantly (P > 0.05) syneresis (Table 1) . Storage time did not affect (P > 0.05) syneresis of control and yoghurts with 0.3% and 0.4% β-glucan. However syneresis showed the lowest value at day 1 and the highest at day 14, in the yoghurt with addition of 0.5% β-glucan (P < 0.05).
Increasing the level of β-glucan resulted in decrease (P < 0.05) of the viscosity of the yoghurts (Table 1) . Generally, yoghurt with 0.3% β-glucan showed similar viscosity to the control and yoghurt with 0.5% β-glucan had lower viscosity than them.
This observation can be attributed to the fact that β-glucan, as explained before, was added as a paste; therefore the higher the percentage of β-glucan added in the milk, the most water is found in the resulting yoghurt. However, other researchers [33] [34] have found that increasing the level of powder β-glucan in the milk, syneresis of yoghurts was decreasing and viscosity was increasing. [12] and Kearney et al. [31] . All yoghurts, in this study, manufactured at the pilot plant of Dairy Department had coliforms and yeasts with counts below 1 and 2 log cfu/g, respectively; except yoghurt with 0.5% β-glucan which at 21-day of storage at 2 -4˚C showed 2.55 log cfu/g yeasts ( Table 2) and their presence could be attributed to post-production contamination, since the processing temperature (90˚C) used in the present study was high enough to inactivate them. It should also be mentioned that container filling was not aseptically performed.
Microbial Properties of Yoghurt
Sensory Properties of Yoghurt
Sensory properties of the yoghurts are shown in Table 3 . The expert panel indicated a preference (higher overall score) for yoghurts with β-glucan than the control one. Yoghurt with 0.3% glucan was preferred than control at 14 and 21 day and yoghurt containing 0.5% β-glucan was preferred than control at 1 and 21 day. The panellists noticed glossier appearance, softer mouth-feel and less sour taste for yoghurt with β-glucans compared to the control. Appearance-color, texture, flavour and overall score did not differ with storage days (P > 0.05), at all yoghurt samples. Appearance scores were not significantly affected by increasing the level of β-glucan in yoghurts. Generally, texture scores were the lowest in control yoghurt. As it can be seen from Table 3 , flavour scores did not differ between (P > 0.05) yoghurts with different levels of β-glucan.
Conclusion
The results of the present study showed that β-glucans isolated from Pleurotus citrinopileatus mushrooms, technically, could be incorporated in the yoghurt in 
